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Abstract    Links between morphology and foraging strategies have been well established for 
many vertebrate groups.  Foraging strategies of Melanerpes woodpeckers are especially 
variable, with at least six species being proficient flycatchers; the remainder of the better 
known species do not flycatch.  Our objective was to examine variation in foraging tactics as it 
relates to skull morphology and other life history traits among these species to better 
understand the biology of these diverse woodpeckers.  We measured eight skull characters 
from 241 individuals representing 19 species, but focused on eight species for which we had 
the most data.  We used the log-geometric mean and a principal components analysis (PCA) to 
calculate size-scaled shape variables.  Cluster analysis based on PCA scores clearly separated 
birds by foraging behavior.  Species with similar foraging behaviors (i.e., flycatchers vs. non-
flycatchers) also share a number of other life history characteristics including similar plumage, 
diets, and migratory behavior.  Diversity within Melanerpes may imply a high degree of 
plasticity or that species have been incorrectly placed in a polyphyletic group.  Woodpeckers 
currently in the genus Melanerpes share few uniting characters and historically have been 
placed in as many as eight different genera.  Additional life history, morphological, and 
genetic studies of the group, especially of Caribbean and Neotropical species, is warranted.   
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Introduction 
The New World woodpecker genus Melanerpes comprises 21 (Short 1982) or 22 species (Winkler et al. 1995).  
Most are vocal, conspicuous, and prefer open habitats, although as a group, they share few other uniting behavioral 
or ecological characteristics (however see Goodge 1972).  For example, several species (M. erythrocephalus, M. 
formicivorus, M. lewis, and M. hypopolius) are proficient flycatchers that use directed, and often spectacular, sallies 
to catch individual insects (Bock 1970; MacRoberts and MacRoberts 1976; Tobalske 1996, 1997; Leonard 2000; 
Smith et al. 2000), while other species (M. portoricensis, M. radiolatus, M. carolinus, M. uropygialis, and M. 
aurifrons) rarely flycatch (Selander 1966; Wallace 1969; Breitwisch 1977; Cruz 1977; Kujawa 1984; Conner et al. 
1994).   
 
Structural differences in skull characteristics as they relate to foraging behavior and ultimately the diet of specific 
bird taxa are well documented (Bowman 1961; Bock 1964; Zusi 1984).  In woodpeckers, skeletal elements, cranial 
muscles (Spring 1965), and the degree of cranial kinesis protects the skull from the shock of excavation (Bock 
1970).  The naso-frontal hinge and interorbital septum are well developed in woodpeckers as is the M. protractor 
pterygoidei, the muscle bracing the maxilla against the force of excavation (Bock 1966).  Among a limited sample 
of woodpeckers, skull variation has been related to diet (Burt 1930; Spring 1965).  When compared to species that 
are not strong excavators (e.g., some Melanerpes spp.), woodpeckers that obtain most of their food by excavating 
(e.g., Picoides spp.), have relatively wider skulls, thicker interorbital septums, wider maxilla, and a longer 
mandibular symphysis (Spring 1965).  Species that flycatch, such as Lewis’ Woodpeckers, have larger gapes 
compared to those that excavate (Spring 1965).  
 
Differences in breeding systems (Short 1982; Koenig et al. 1995; Leonard 2000), hybridization rates (Short 1982, 
Smith 1987), mast storage behaviors (Bock 1970; MacRoberts and MacRoberts 1976; Smith et al. 2000), migratory 
patterns (Bock 1970; Bock and Lepthien 1975; Stacey and Bock 1978; Smith 1986), molt patterns (Pyle and Howell 
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1995), and plumage (Winkler et al. 1995) have contributed to the complex taxonomic history of the genus (Todd 
1946; Selander and Giller 1963), and the constituent species have been placed in eight different genera (Peters 
1948), five being monotypic (Table 1).  Most of these genera have been abandoned, although the separation of 
Centurus and Melanerpes has not been entirely resolved (Howell and Webb 1995; Pyle and Howell 1995; see AOU 
1998).  Additional differences likely exist, but little is known about many Melanerpes species, especially those 
occurring outside of the United States.  
 
Here, we examine foraging strategies, skull morphology and review life history characteristics of Melanerpes 
woodpeckers.  We hypothesized that differences in skull and skeletal morphology would be related to the 
differences in foraging behavior.  Specifically, we predicted that those species that rarely foraged using flycatching 
and those that frequently foraged using flycatching would form distinct aggregations based on skull characteristics.  
Second, we examined whether species that shared similar skeletal morphology also shared other life history 
differences (e.g. plumage and migratory behavior).   
 
Methods 
We obtained 241 skeletal specimens representing 19 different Melanerpes species and 15 specimens of the Yellow-
bellied Sapsucker (Sphyrapicus varius; outgroup) from museum collections (see Acknowledgments).  We collected 
eight skull measurements to quantify variation in shape, size, and points of muscle attachment.  The measurements 
that we selected have been used to related skull morphology to differences in diet (Burt 1930; Bowman 1961; Spring 
1965), and included: length from the base of bill to parietal (LEN), maxilla width (MAX), intra-orbital width (IOD), 
width of the base of the bill (BB), inter-nasal width (IND), maximum height of the posterior surangular (HR), 
minimum height of the posterior surangular (LR), and length of retroarticular process (RET).  We also recorded 
tarsus length (TAR) and humerus length (HUM) to quantify size differences among the species.  All measurements 
were taken in mm and measured to the nearest 0.01 mm by one person (D.L.L.) for precision.  After completing all 
measurements, we plotted each variable against tarsus length.  In cases where individual points appeared to be 
outliners, the appropriate variables were re-measured.  Because some skeletons were damaged or incomplete, we 
were unable to collect all measurements from all specimens; therefore, we focused our analysis on the eight species 
(hereafter focal species) for which we had the greatest number of samples (Table 1).  Results are restricted to these 
focal species unless otherwise stated.  We categorized species as flycatching or non-flycatching and summarized 
other life history characteristics focusing on the focal species.   
 
Each morphmetric contained information about the size and shape of an individual.  Measures that contain 
information on size can confound analyses because, for example, large birds are most similar to other large birds.  
To correct for size, we calculated a size index from the log geometric mean of the 10 skeletal variables measured for 
each individual (Moisimann and James 1979, Falsetti et al. 1993).  This size index was used to create a size-scaled 
shape variable by subtracting the size log geometric mean from the log of each shape variable (Falsetti et al. 1993).  
We subjected ‘shape’ (i.e. size corrected data) variables to principal components analysis (PCA) based on a 
covariance matrix for the eight focal species.  After removing the effect of size, there were no within-species gender 
differences in morphology (all P > 0.16).  Male and female shape scores were combined and averaged for each 
species.  The average shape principal component scores were used in a cluster analysis to examine interspecies 
relationships.  We present hierarchical cluster analyses using average neighbor distances for the eight focus species 
as well as for all species combined.   
 
Results 
We included data from 173 specimens in the PCA (Table 1).  The log geometric mean of all skeletal variables 
provided a good size index and effectively removed size effects. Scores from the first principal component based on 
log shape (size corrected) variables were correlated with log size but did not have a high correlation coefficient (rs = 
-0.15, P = 0.038) and the first PC accounted for 52% of the total variance (Table 2).  This principal component was 
most influenced by the relationship between inter-nasal width (IND) and sites of muscle attachment (HR, LR, RET) 
and accounted for variation in skull shape.  Birds with large sites for muscle attachments and relatively narrow 
skulls scored high (i.e., Red-bellied, Gila, Golden-fronted woodpeckers) whereas birds with wide skulls and smaller 
muscle attachments scored lower (i.e., Red-headed, Acorn, and Lewis’ Woodpeckers).  The first principal 
component clearly separated Red-headed, Acorn, and Lewis’ Woodpeckers (flycatching) from Red-bellied, Gila, 
and Golden-fronted woodpeckers (non-flycatching, Fig. 1).  The second principal component accounted for 14% of 
the total variance (Table 2), and separated the Black-cheeked (M. pucherani) and Hispaniolan (M. striatus) 
Woodpeckers from the other clusters (Fig. 1).  Eigenvector coefficients from this component indicated that birds 
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with relatively long humerus and smaller skulls scored higher than the Hispaniolan and Black-cheeked 
Woodpeckers.  Scores from the second principal component were not correlated with size (rs = -0.066, P = 0.38).  
Principal components based on size-corrected variables explained 66% of the total variance in skull shape and 
allowed us to evaluate species groupings based on the shape of their skull. 
 
The cluster analysis based on shape data revealed distinct groupings between flycatchers and excavators (Fig. 2).  
Excavating species such as Gila, Golden-fronted, and Red-bellied Woodpeckers formed a cluster, with the latter two 
species being most similar.  Within the second cluster, the flycatching species, Acorn and Red-headed Woodpeckers 
were most similar, and grouped with Lewis’ Woodpeckers.  The Black-cheeked and Hispaniolan Woodpeckers fell 
between these two groups.  The cluster analysis including all 19 species and the outgroup (i.e., Yellow-bellied 
Sapsucker; Fig. 3) revealed three major branches that somewhat paralleled the historic placement of the species into 
the genera Melanerpes, Tripsurus, and Centurus, respectively (Table 1).  The Puerto Rican Woodpecker appeared 
relatively distinct although it fell in the group containing two of the three other species of Melanerpes found in the 
West Indies for which we had data.     
 
Based on the life history data that we summarized (Table 3), species that flycatch and those that do not share many 
life history and behavioral characteristics in addition to the skull characteristics outlined above.  
 
Discussion 
Our analyses revealed three patterns.  First, principal component scores created from size-scaled shape variables, 
derived from skull characters associated with the excavation tendencies of different woodpeckers (Burt 1930; Spring 
1965; Bock 1970), clearly separated the species based on foraging strategies:  those that flycatch grouped together 
and apart from non-flycatching or excavating species.  Second, species that grouped together based on skull 
morphology also shared a number of other morphological (e.g., molt patterns) and life history characters (e.g., 
breeding systems), some of which can be influenced by diet or phylogeny (see below).  Finally, species traditionally 
thought to be “transitional forms” (e.g., Black-cheeked Woodpecker) fell between the above two groups.  Several of 
these species have traits characteristic of both fly-catching and non-flycatching species.  For example, similar to 
non-flycatching species (Shackleford et al. 2000), Gray-breasted Woodpeckers have ladder-backed plumage and are 
frugivorus, but also frequently flycatch and are social (Leonard 2000).  
 
Among the focal species, differences in skull morphology separated species that are conspicuous flycatchers from 
those that rarely or never flycatch.  Flycatching species had wider inter-nasal distances and smaller cranial muscle 
attachment sites compared to excavating species.  The size and shape of the retroarticular process are correlated with 
the size of the M. protractor pterygoidei muscle (Bock 1964).  The surangular or posterior portion of the mandible is 
the point of attachment for the M. depresser mandibulae muscle which functions to brace the skull during 
excavating.  Across a wide taxonomic sample of woodpeckers, bill width, specifically inter-nasal width, was found 
to increase in species considered to be strong excavators (Burt 1930).  However, within Melanerpes inter-nasal 
distances were wider in species that flycatch than in species that primarily excavate.  A wide inter-nasal distance 
may benefit flycatching species by increasing gape width.   
 
The partitioning of species based on skeletal characteristics paralleled other well-documented variation within the 
genus.  Strong excavators, such as Red-bellied, Gila, and Golden-fronted Woodpeckers, are strictly monogamous, 
non-migratory, and are known to hybridize.  Red-bellied and Golden-fronted Woodpeckers hybridize in an area of 
overlap from southwestern Oklahoma to eastern Texas (Smith 1987).  Golden-fronted and Gila Woodpeckers 
hybridize in Mexico (Short 1982; Winkler et al. 1995).  Fly-catching species, such as Acorn, Red-headed, and 
Lewis’ Woodpeckers, are social, migratory, and do not hybridize.  Additionally, Red-headed and Lewis 
Woodpeckers may not be strictly monogamous (Tobalske 1997; Smith et al. 2000), and depending on the 
population, Acorn Woodpeckers participate in a variety of social breeding strategies (Koenig et al. 1995).  Finally, 
molt patterns of some species differ (Pyle and Howell 1995).  Hatch-year birds from non-flycatching species replace 
all their primaries three to four months after fledgling.  Acorn and Lewis’ Woodpeckers retain all primaries until 
their second prebasic molt.  In Red-headed Woodpeckers, the replacement of primaries is protracted and variable.  
Differences also exist in secondary, rectrix, and primary covert molt between the genera.  Based on these molt 
differences, Pyle and Howell (1995) placed excavating species within the genus Centurus.   
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Within a closely related group of species, the degree that ecological or niche differences may be constrained by 
ancestry varies (Brooks and McLennan 1991).  For example, the morphology of eight sympatric Old World leaf 
warblers (Phylloscopus) was found to be constrained by phylogeny (Richman and Price 1992).  Alternatively, 
phylogenetic effects were found to be very weak in determining the eco-morphology of 25 species of Sylvia 
warblers (Böhning-Gaese et al. 2003).  Without more information on South and Central American Woodpeckers or 
ancestral traits, relationships among morphology, foraging behavior, and life history patterns are difficult to 
interpret.  For example, concurrent changes in morphology, foraging, and diet may have resulted in changes in life 
history patterns.  Within a species diet can influence life time reproduction and behavior patterns (Blondel et al. 
1991; Annett and Pierotti 1999). 
 
The currently recognized constituents of the genus Melanerpes vary widely in behavior, skeletal characters, 
plumage, and life history.  The concordance of anatomical, behavioral, and genetic data provides a strong motivation 
for an examination of phylogenetic relationships. The addition of genetic data would provide further resolution to 
the relationships among these species.  Our analysis of the focal species as well as other well-documented 
differences among these species indicate that the Red-bellied, Gila, Golden-fronted Woodpeckers, historically 
placed in the genus Centurus, may be distinct from the Lewis’, Acorn and Red-headed Woodpeckers.  Because 
additional differences are likely to exist for less well-known species, further investigations of this diverse genus are 
necessary.  
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Table 1  Woodpeckers species included in PCA and cluster analysis, the codes used for each species, propensity to forage by 
flycatching, and sample size for each species  Focal species are bolded 
Common Name Scientific Name Code Historic genera Flycatch Females Males Total 
White Woodpecker M. candidus WHWP Leuconerpes ? 2 3 5 
Lewis’s Woodpecker M. lewis LEWP Asyndesmus Y 7 11 18 
Guadeloupe Woodpeckera M. herminieri GUWP Limneopicus ? 0 0 0 
Puerto Rican Woodpecker M. portoricensis PRWP Melanerpes N 2 3 5 
Acorn Woodpecker M. formicivorus ACWP Balanosphyra Y 8 15 23 
Red-headed Woodpecker M. erythrocephalus RHWP Melanerpes Y 8 15 23 
Black-cheeked Woodpecker M. pucherani BCWP Tripsurus N 8 7 15 
Golden-naped Woodpecker M. chrysauchen GNWP Tripsurus Y 2 1 3 
Yellow-tufted Woodpecker M. cruentatus YTWP Tripsurus Y 3 6 9 
Yellow-fronted Woodpeckera M. flavifrons YFWP Tripsurus ? 1 1 2 
Jamaican Woodpecker M. radiolatus JAWP Centurus N 3 2 5 
Golden-cheeked Woodpecker M. chrysogenys GCWP Tripsurus ? 4 2 6 
Grey-breasted Woodpecker M. hypopolius GBWP Centurus Y 2 4 6 
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Hispaniolan Woodpecker M. striatus HIWP Chryserpes N 8 9 17 
White-fronted Woodpecker M. cactorum WFWP Centurus N 4 5 9 
Red-crowned Woodpecker M. rubricapillus RCWP Centurus N 3 4 7 
Gila Woodpecker M. uropygialis GIWP Centurus N 6 7 13 
Red-bellied Woodpecker M. carolinus RBWP Centurus N 16 17 33 
West Indian Woodpecker M. superciliaris WIWP Centurus N 5 3 8 
Golden-fronted Woodpecker M. aurifrons GFWP Centurus N 9 22 31 
Hoffman’s Woodpecker M. hoffmannii HOWP Centurus N 2 3 5 
a not included in analyses 
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Table 2  Principal components of log shape (size corrected) variables for the eight focal 
Melanerpes species included in this study 
  Log Shape 
Variable Code PC I PC II 
Tarsus length TAR -0.001 0.233 
Humerus length HUM -0.081 0.445 
Base of bill to parietal length  LEN 0.108 0.148 
Maxilla width MAX -0.128 0.254 
Intra-orbital width IOD 0.156 0.157 
Base of bill width BB -0.133 0.004 
Inter-nasal width IND -0.808 -0.393 
Posterior surangular height (maximum) HR 0.347 -0.619 
Posterior surangular height (minimum) LR 0.301 -0.302 
Retroarticular process length RET 0.238 0.072 
Eigenvalue  0.00433 0.00120 
% of total variance  51.91 14.40 
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Table 3  Life history characteristics of focal species.  
Source: Winkler et al. 1995 
a M Monogamous, Var variable 
b Omn Omnivorous 
c Occ Occasionally
 Species 
Character LEWP ACWP RHWP BCWP HIWP GIWP RBWP GFWP 
Social Yes Yes Yes Yes Yes No No No 
Breeding Systema M Var M? M? Var M M M 
Colonial Yes No No No Yes No No No 
Communal Roosting No No No Yes No No No No 
Helpers at nest Rare Yes Rare ? Yes No No No 
Hybridize No No No No No Yes Yes Yes 
Plumage Solid Solid Solid Mix Barred Barred Barred Barred 
Sexually Dimorphic No Yes No Yes Yes Yes Yes Yes 
Migratory Yes Var Yes No No No No No 
Primary Foodb Plant Plant Plant Omn Animal Omn Omn Omn 
Store Mast Larder Yes Yes No No Yes Yes Rare 
Anvil Use Yes Yes Yes No Yes No Yes No 
Flycatch Yes Yes Yes Occ Occ No Rare Rare 
Foraging Maneuverc F F F Var Var Var Var Var 
Dimorphic Foraging  ? No No ? ? No Yes Slight 
Sapsucking No Yes Yes No Yes No Yes No 
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Fig. 1  A comparison of principal component scores based on ‘size-corrected’ skull 
measurements of Melanerpes woodpeckers.  These principal component scores indicate distinct 
groups that correspond to foraging strategies.  
Fig. 2  Results of a cluster analysis based on log shape data revealed three main groupings.  Gila, 
Golden-fronted, and Red-bellied woodpeckers formed a cluster. Within the second group, Acorn 
and Red-headed woodpeckers were most similar and grouped with Lewis’ Woodpeckers, all 
proficient flycatchers.  The Black-cheeked and Hispaniolan woodpeckers fell between these two 
groups.  See Table 1 for 4 letter codes and scientific names. 
Fig. 3  Results of a cluster analysis based on log shape for 19 Melanerpes species and Yellow-
bellied Sapsucker. The three major branches somewhat paralleled the historic placement of the 
species into the genera Melanerpes, Tripsurus, and Centurus.  See Table 1 for 4 letter codes and 
scientific names. 
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